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(54) Apparatus having a refrigeration circuit 

(57) An apparatus having a refrigeration circuit 
using difluoromethane as refrigerant and comprising an 
enclosed container (2) storing a multi-staged rotary 
compressor (1) with a plurality of cylinders, each stage 
having a rotary roller (1 8, 1 9) and a vane (20.21 ) fomnlng 
a compression space inside by abutting against the 
roller (18,19); a condenser (37); an expansion valve 



(39) and a cooler (38) and further comprising an inter- 
mediate cooler (35) provided in the refrigerant flow path 
between said cylinders for cooling said refrigerant 
between said stages and an additional cooler (42) in the 
refrigerant flow path before said expansion valve (39) 
for lowering the temperature of said refrigerant. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Held of the Invention 

[0001] The present invention relates to an appara- 
tus having a refrigeration circuit using difluoromethane 
as a refrigerant. 

2. Detailed Description of the Related Art 

[0002] Conventionally, chlorodifluoromethane (R22, 
boiling point: -40.8**C) has been used as a refrigerant for 
an apparatus having a refrigeration circuit. R22 is how- 
ever potentially highly destructive to ozone. R22 dis- 
charged into the atPDOsphere and reaching the ozone 
layer iri the upper atmosphere destroys this ozone layer. 
Therefore, R22 has been under CFG restriction. 
[0003] The destruction of the ozone layer is caused 
by chlorine (Ci) included in the refrigerant. Therefore, a 
refrigerant free fronn chlorine such as difluoromethane 
(referred to as HFC-32 or R32. boiling point: -52*'C) is 
considered as a substitute refrigerant for R22 for its rel- 
atively small global warming potential (GWP) and high 
efficiency (with COP Increased by about 10%). 
[0004] As a result, there has been a demand for 
development of an apparatus having a refrigeration cir- 
cuit using difluoromethane. Above all, development of a 
highly reliable, high performance compressor adapted 
to the use of difluoromethane has been awaited. 
[0005] Meanwhile, compressors are divided into 
reciprocating type and rotating type compressors. The 
reciprocating type compressor suffers, from noise or 
vibration disadvantages. Therefore, there has been a 
demand for a rotating type compressor using difluor- 
omethane. 

[0006] However, when difluoromethane is com- 
pressed using the rotating type compressor, the temper- 
ature of the compressed difluoromethane could be 
higher than the temperature of other conventional refrig- 
erants. As a result, the chemical stability of the lubricat- 
ing oil or the difluoromethane itself is lowered, which 
disadvantageously lowers the performance and reliabil- 
ity of the apparatus having a refrigeration circuit as a 
whole. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to a solu- 
tion to this problem, and it is an object of the present 
invention to provide an apparatus having a refrigeration 
circuit with high reliability and performance by which the 
chemical stability of the lubricating oil or difluorometh- 
ane used as a refrigerant is not impaired. 
[0008] According to the present invention, there is 
provided an apparatus having a refrigeration circuit 
including a rotary compressor having a rotary roller, and 



a vane forming a compression space inside by abutting 
against the roller, the compressor storing in an enclosed 
container a rotary compressing element provided with a 
plurality of cylinders having both opening ends closed 

5 and compressing an inhaled refrigerant in a plurality of 
stages by the compressing element for discharging; a 
condenser; an expansion valve and a cooler, where dif- 
luoromethane is used as the refrigerant. 
[0009] Here, the apparatus having a refrigeration 

10 circuit according to a first aspect of the invention 
includes a first cooler provided in a refrigerant flow path 
between the cylinders of the rotary compression ele- 
ment for cooling the difluoromethane to be compressed 
in the plurality of stages. 

15 [0010] According to the first aspect of the present 
invention, the first cooler lowers the temperature of the 
difluoromethane as a refrigerant inhaled/discharged 
to/from the rotary compressor, so that the chemical sta- 
bility of the lubricating oil or difluoromethane is not 

20 impaired, and that the performance and reliability of the 
apparatus having a refrigeration circuit may be 
improved. 

[0011] The apparatus having a refrigeratrori circuit 
according to a second aspect of the present invention 
25 has a second cooler provided in the refrigeration circuit 
for cooling difluoromethane. 

[0012] According to the second aspect of the. 
present invention, the second cooler lowers the temper- 
ature of the difluoromethane as a refrigerant 

30 inhaled/discharged to/from the rotary compressor, so 
that the chemical stability of the lubricating oil or difluor- 
omethane is not impaired and that the performance and 
reliability of the apparatus having a refrigeration circuit 
may be improved. 

35 [0013] The apparatus having a refrigeration circuit 
according to a third aspect of the present invention 
includes a first cooler provided in the refrigerant flow 
path between the cylinders of the rotary compression 
elements for cooling difluoromethane to be compressed 

40 in a plurality of stages, and a second cooler provided in 
the refrigeration circuit for cooling difluoromethane. 
[0014] According to the third aspect of the inven- 
tion, the first cooler and the second cooler further lower 
the temperature of difluoromethane as a refrigerant 

45 inhaled/discharged to/from the rotary compressor, so 
that the chemical stability of lubricating oil or the difluor- 
omethane is not impaired and that the performance and 
reliability of the apparatus having a refrigeration circuit 
may be even more improved. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] These and other objects and advantages of 
the present invention will become clear from the follow- 
55 ing description with reference to the accompanying 
drawings, wherein: 

Rg. 1 is a longitudinal sectional view of a two-cylin- 
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der type, rotary compressor included In an appara- 
tus having a refrigeration circuit according to one 
embodiment of the present invention; 
Fig. 2 is a circuit diagram of an apparatus having a 
refrigeration circuit according to the embodiment of 
the present invention; and 

Fig. 3 is a Mollier diagram in the refrigeration circuit 
of the apparatus according to the embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] One embodiment of the present invention 
will be now described in conjunction with the accompa- 
nying drawings. 

[0017] Fig. 1 is. a longitudinal sectional view of a 
rotary compressor included in an apparatus having a 
refrigeration circuit according to the present invention. 
[0018] The two-cylinder type, rotating type com- 
pressor {rotary compressor) 1 includes an electric 
motor element 3 provided at the upper part in an 
enclosed container 2 made of a metal such as iron, and 
a rotary compressing element 5 provided under the 
electric motor element 3 and driven to rotate by a rotary 
shaft 4 of the electric motor element 3. 
[0019] The lower part of the enclosed container 2 
serves as a lubricating oil reservoir. The enclosed con- 
tainer 2 includes a container body 2A to store the elec- 
tric motor element 3 and the rotary compressing 
element 5, and a sealing lid 2B to seal the container 
body 2A. The sealing lid 2B is provided with a temninal 

6 (wiring thereto is omitted) to supply electric power to 
the electric motor element 3. 

[0020] The electric motor element 3 includes a rotor 

7 and a stator 8. The. rotor 7 includes a permanent mag- 
net which is not shown in a layered body 10 made of 
electromagnetic steel sheets layered on one another 
The stator 8 includes a layered body 12 made of ring- 
shaped electromagnetic steel sheets layered on one 
another and a winding 1 1 attached therearound. Refer- 
ence numeral 9 represents a balancer. 

[0021] The structure is referred to as DC motor, but 
a motor referred to as AC motor including an aluminum 
core inserted within the layered electromagnetic steel 
sheets may be used. 

[0022] If, for example, the apparatus is used for the 
air conditioning system of an automobile, the engine of 
the automobile may be used as a driving source or other 
driving sources may t^e used. 

[0023] The rotary compressing element 5 includes 
an intermediate partition plate 13, upper and lower cyh 
inders 14 and 15 attached above and under the inter- 
mediate partition plate 13, upper and lower rollers 18 
and 19 rotated in the upper and lower cylinders 14 and 
15 by the upper and lower eccentric portions 16 and 17 
of the rotary shaft 4, upper and lower vanes 20 and 21 
in contact with the upper and lower rollers 18 and 19 to 



separate the inside of the upper and lower cylinders 14 
and 15 into a high pressure chamber and a low pres- 
sure channber, a main frame 22 to block the upper and 
lower openings of the upper and lower cylinders 14 and 
5 15 and allow the rotary shaft 4 to rotate, and a bearing 
plate 23. 

[0024] In addition, these elements are provided in 
the order of the main frame 22. the upper cylinder 14, 
the intermediate partition plate 13, the tower cylinder 
10 15, and the bearing plate 23, and are coupled by bolts 

24. 

[0025] The rotary shaft 4 is provided with a fill open- 
ing 25 to supply lubricating oil to each sliding portion of 
the rotary compressing element 5. Fonned at the outer 

75 peripheral surface of the rotary shaft 4 is a fill groove 26 
in communication with the fill opening 25 to guide lubri- 
cating oil to the inside of the upper and lower rollers 18 
and 19. Furthermore, the upper and lower vanes 20 and 
21 are provided with spririgs 27 to. constantly urge the 

20 upper arid lower rollers 18 and 19. 

[0026] The lubricating oil used in the present inven- 
tion may exist lubricating oil such as mineral oil, aikyi 
benzene.oil ether oil arid ester oil. 
[0027] The upper and lower cylinders 14 and 15 are 

25 respectively provided with upper and lower tubes (not 
shown) to introduce a refrigerant and upper and lower 
outlet tubes 30 and 31 to discharge the refrigerant. The 
upper and lower introduction tubes and the upper and 
lower outlet tubes 30 and 31 are connected with refrig-. 

30 erant pipes 32, 33 and 34. 

[0028] Note that reference numeral 50 represents a 
pedestal to support the enclosed container 2. Refer- 
ence numeral 36 represents a suction muffler. 
[0029] The refrigerant circuit of the two-cylinder 

35 type, rotary compressor 1 described in detail in connec- 
tion with Fig. 1 will be now described in conjunction with 
Figs. 2 and 3. Fig. 2 shows a refrigeration circuit of the 
apparatus according to the present Invention. 
[0030] In this two-cylinder type, rotary compressor 

40 1 , the lower outlet tube 31 and a condenser 37 provided 
at tfie lower cylinder 15 of the rotary compressor 1 are 
connected through the refrigerant pipe 32 on the dis- 
charge side. The condenser 37 and a cooler 38 are con- 
nected by a refrigerant pipe 40 through an expansion 

45 valve 39. The cooler 38 and the upper introduction tube 
off the upper cylirider 14 off the rotary compressor 1 are 
connected by the reffrigerant pipe 33 on the inlet side. 
[0031] Furthermore, the refrigerant pipe 40 con- 
necting the condenser 37 and the expansion vah/e 39 is 

50 provided with a bypass tube 43 connecting to a second 
cooler 42 through a bypass expansion vah/e 41 . 
[0032] The connecting refrigerant pipe 34 to con- 
nect the upper outlet tube 30 provided at the upper cyl- 
inder 14 of the rotary compressor 1 and the lower 

55 introduction tube (not shown) of the lower cylinder 1 5 is 
provided with a first cooler 35 before connection to a 
pipe 44. The pipe 44 from the second cooler 42 is cou- 
pled in the suction muffler 36. 
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[0033] Note that the second cooler 42 having a dou- 
ble pipe structure allows the refrigerant from the bypass 
tube 43 to flow in the inner part and the refrigerant from 
the refrigerant pipe 40 to flow in the outer part. The 
invention is not limited to this structure. Conversely, the 
inner part may be for the refrigerant pipe 40, while the 
outer side may be for the bypass tube 43. In addition, 
they may be in contact in a thermally conductive man- 
ner. For example, two pipes are jointed and processed 
to have a spiral jointed pipe structure. 
[0034] The refrigerant pipe 40 after branching from 
the bypass tube 43 is introduced to the second cooler 
42, in which the pipe 40 is provided in contact with the 
bypass tube 43 following the bypass expansion valve 41 
in a thermally conductive manner. The pipe 40 is then 
connected to the expansion valve 39 described above. 
[0035] As a result, a gas refrigerant of drfluorometh- 
ane compressed by the two-cylinder type, rotary com- 
pressor 1 and attaining a high temperature is cooled by 
the condenser 37 and perfomris thermal exchange with 
the bypass tube 43 in the second cooler 42, in other 
words radiates heat, and then expands by the expan- 
sion valve 39. Then, the gas refrigerant of difluorometh- 
ane is let into the cooler 38, radiates heat therein and is 
then returned from the refrigerant pipe 33 on the inlet 
side to the rotary conripressor 1 . 

[0036] The refrigerant condensed by the condenser 
37 is partly branched to bypass tut>e 43, adiabatically 
expanded by the bypass expansion valve 41 and then 
absorbs heat from the refrigerant pipe 40 in the second 
cooler 42. The refrigerant having absorbed heat in the 
second cooler 42 mixes with refrigerant at a high tem- 
perature and a high pressure by the upper cylinder 1 4 to 
cool the refrigerant at the high tenrperature . and high 
pressure, and is also let into the lower cylinder 15. Note 
that the refrigerant having absorbed heat by the second 
cooler 42 is at a lower temperature than the high tem- 
perature and high pressure refrigerant discharged frqm 
the upper cylinder 14. 

[0037] Rg. 3 is a Molller diagram in connection with 
the refrigeration circuit of the apparatus according to the 
present invention. 

[0038] In Fig. 3, the point A represents the conflu- 
ence of the refrigerant discharged from the second 
cooler 42 and the refrigerant discharged from the upper 
cyfinder 1 4 of the compressor 1 , which is sucked into 
the lower cylinder 1 5. The point B represents the refrig- 
erant discharged from the lower cylinder 15. 
[0039] In the state at the point B, the temperature of 
the refrigerant is lower than that in the case of a single- 
cylinder type, rotary compressor at the same pressure. 
[0040] More specifically, in the refrigerat'ion circuit 
shown in Fig. 2, the temperature of the drfluoromethane 
refrigerant (at the point B*) which has been compressed 
to the same pressure as that at the point B by the single 
cylinder rotary compressor without the bypass tube 43, 
the bypass expansion valve 41 and the second cooler 
42 and discharged is higher than the temperature of the 



difluoromethane refrigerant at the point B as shown by 
the broken line in Fig. 2. 

[0041] The point C represents a refrigerant con- 
densed at the condenser 37 and then branched. The 

5 refrigerant is adiabatically expanded at the bypass 
expansion valve 41 . The point D represents the refriger- 
ant adiabatically expanded to have its pressure lowered 
and its heat radiated. The refrigerant then comes into 
the second cooler 42 to cool the refrigerant at the point 

10 C to the state at the point E. 

[0042] The overcooled refrigerant at the point E is 
adiabatically expanded at the expansion valve 39, and 
attains tfie stale at the point F. Then, as denoted by the 
point G, the refrigerant having its temperature raised to 

15 a high level by heat absorbed at the cooler 38 comes 
into the upper cyfinder 14.. 

[0043] As denoted by the point H,. the refrigerant, 
compressed by the upper cylinder 14 and having its 
temperature and pressure raised has a lowered pres- 
to sure at the second cooler 42 as described above, is 
used for supercooling, and joins the temperature-raised 
refrigerant (though at a lower temperature than the 
high-temperature, high-pressure refrigerant discharged 
from the upper cylinder 14 as described above). The 
2S resultant temperature-lowered refrigerant conrtes into 
the rotary compressor 1 as denoted by the point A. 
[0044] As in the forgoing, compression is performed 
in a plurality of stages, and therefore the temperature of 
the gas discharged from the rotary compressor 1 may 
30 be restrained at a low level. As a result, difluoromethane 
can be compressed by the rotary compressor 1 without 
providing a special mechanism therefor, and the difluor- 
omethane itself or even conventional lubricating oil will 
not lose its chemk^al stability. 
35 [0045] In addition, the apparatus having a refrigera- 
tion circuit described above may be subject to various 
modifications without changing the essential part. Other 
embodiments may include air conditioners for home 
use, air conditioners for business use (packaged air 
40 conditioners), air conditioners for automobile, refrigera- 
tors for home use, refrigerators for business use, freez- 
ers for business use, refrigerator-freezers for business 
use, showcases, vending machines and the like. 

45 Claims 

1. An apparatus having a refrigeration circuit compris- 
ing a rotary compressor having a rotary roller, and 
a vane forming a compression space inside by 

50 abutting against the roller, the rotary compressor 
storing in an enclosed container a rotary compress- 
ing element provided with a plurality of cylinders 
having both opening ends closed and compressing 
an inhaled refrigerant 'm a plurafity of stages by said 

55 compressing element for discharging; a condenser; 
an expansion vah/e and a cooler, said refrigerant 
being difluoromethane; and further comprising at 
least a first cooler provided in a refrigerant flow path 
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between said cylinders of the rotary compressing 
element for cooling said refrigerant to be com- 
pressed in the plurality of stages between said plu- 
rality of rotary compressing elements. 

5 

2- An apparatus having a refrigeration circuit compris- 
ing a rotary compressor having a rotary roller, and 
a vane forming a compression space inside by 
abutting against the roller, the rotary compressor 
storing in an enclosed container a rotary compress- io 
ing element provided with a plurality of cylinders 
having both opening ends closed and compressing 
an inhaled refrigerant in a plurality of stages by said 
. compressing element for discharging; a condenser; 
an expansion valve and a cooler, said refrigerant is 
being difluoromethane; said refrigeration circuit 
including a second cooler for lowering the tempera- 
ture of said refrigerant compressed by said com- 
pressing -element and discharged. 

20 

3. An apparatus having a refrigeration circuit compris- 
ing a rotary compressor having a rotary roller, and 
a vane forrning a compression space inside by 
abutting against the roller, the rotary compressor 
storing in an enclosed container a rotary compress- 2S 
ing element provided with a plurality of cylinders 
haying both opening ends closed and compressing 
an inhaled refrigerant in a plurality of stages by said 
compressing element for discharging; a condenser; 
an expansion valve and a cooler, said refrigerant 30 
being difluoromethane; and further comprising at 
least a first cooler provided in a refrigerant flow path 
between said cylinders of the rotary compressing 
element for cooling said refrigerant to be conv 
pressed between said plurality of rotary compress- 35 
ing elements, said refrigeration circuit including a 
second cooler for lowering the temperature of said 
refrigerant to be compressed by said compressing 
elements and discharged. 
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